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removal of dredged material for use or storage elsewhere in order to increase 
the life expectancy of the facility. In the Mobile Bay Area, plans for expan- 
sion of disposal areas have been abandoned in some cases because of objections 
from local residents and environmental constraints. Thus, the need for maximiz- 
ing the useful life of existing sites in this area is pressing. This paper 
presents results from a fiel~d study in the Mobile Bay Area outlining the first 
steps taken toward the development of a reusable disposal area. Plans and 
concepts arc d~iscussed regarding the long range planning required to mai,ntain 
use of sites for indefinite periods. This paper does not present a panacea 
for dredged material disposal problems because it is not available now nor will 
it be in the future. Each reusable disposal area will have to be developed 
based on its own needs and local environment. 
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FIRST STEPS TOWARD ACHIEVING DISPOSAL AREA REUSE 

By Raymond L. Montgomery,1 M. ASCE, and 

Michael R. Palermo, 2 A. M. ASCE 

INTRODUCTION 

Recent years have witnessed a growing concern over the land 

requirements for confined disposal of dredged material. During 

this time disposal of dredged material in confined areas on land 

has been used more frequently because of known, suspected, or 

alleged adverse environmental effects from disposal of dredged 

materi,al in unconfined areas in open water. Because of the 

increase in land disposal, environmental restrictions, shortage 

of suitable land, and high land costs, it is doubtful that 

existing methods and procedures used for land disposals of dredged 

material are adequate to meet future requirements. Yost Corps 

Districts are already hard pressed to meet the needs for adequate 

land disposal sites(l). 
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Under existing land disposal practices, containment facilities 

are constructed and filled with dredged slurry. The surface of 

the dredged slurry dries and a crust forms. The underlying 

dredged material remains at water contents approaching or exceed- 

ing the liquid limit of the material for years after disposal 

operations. The water table generally remains at a perched 

level just below the surface and is intermittently recharged by 

rainfall. 

Once the disposal area has been filled (in most cases, this 

occurs in a matter of a few years), a new site has to be located, 

In heavily dredged areas, suitable or available land is quickly 

used up and a number of abandoned disposal areas appear near the 

dredging areas. The dredgers are pressed for new disposal facil- 

ities while the marginal land of the abandoned disposal areas 

lies vacant. In addition to being a poor use of land resources, 

such practices result in inefficient use of the land made avail- 

able for dredged material disposal. Inefficient use of contain- 

ment storage capacity generally continues because nothing is 

done to lower the perched water table and dewater the dredged 

material. Consequently, a significant part of the potential 

storage volume in confined disposal areas is occupied by water. 

Few significant improvements have been realized in the practice 

of confining dredged material on land since the initiation of 

this practice as a disposal alternative. It is time that a 
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general strategy of disposal area reuse management be developed 

to promote effective practices in land disposal. In the interim 

it is imperative that reuse practices be developed through field 

demonstrations and adopted as standard practices. 

This paper discusses a study effort devoted to the development 

of such practices. The study site is in the Mobile Bay area. 

In this area, existing containment facilities are almost filled 

to capacity and new sites for disposal facilities are not avail- 

able. A study has been undertaken by the Waterways Experiment 

Station (IVES) as a part of the Dredged Material Research Program 

(DMRP) and in cooperation with the Mobile District of the Corps 

of Engineers to plan and implement operations designed~ to increase 

the storage capacity of a confined disposal area near Mobile Bay, 

The preliminary results of the study and a general discussion on 

disposal area reuse management as a means for maximizing the 

use:ful life of existing disposal facilities are presented herein, 

DISPOSAL AREA REUSE MANAGEMENT 

The objectives of research on disposal area reuse acre simply 

to develop procedures for maintaining disposal areas convenient 

to dredging operations for an indefinite period while ensuring 

that disposal operations remain environmentally acceptable and 

operational. Acquisition of suitable land for confined disposal 

of dredged material has become increasingly d~ifficult because of 
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rising land costs and public objection to land use for this 

purpose. Research under the DMRP in disposal area reuse 

addresses these problems and promotes better management of con- 

fined disposal areas so that maximum benefits can be derived by 

all concerns. The basic philosophy is that past land disposal 

practices have not been satisfactory in terms of conser,vation 

of available land areas and new procedures must be developed. 

Past practices have not been satisfactory mainly because they 

have required large quantities of valuable land solely for the 

purpose of waste disposal. 

Under the disposal area reuse management concept, the disposal 

area would be a collection and processing site where valuable 

portions of the dredged material would be made available for pro- 

ductive use while unusable material would be, if necessary, 

treated and disposed of. Methods and procedures would provide 

for continuous or periodic removal of dredged material for use 

or storage elsewhere in order to increase the life expectancy of 

the facility, 

The advantages of a site that can be reused indefinitely are 

as follows : (a) permanent sites could be provided convenient 

to maintenance dredging areas; (b) the expense and objections to 

providing new lands for disposal sites a’re eliminated; (c) con- 

struction and landfill materials are made available for productive 
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use; and (d) a reasonable alternative is provided for solving 

land disposal problems and reducing the excessive use of valuable 

lands. 

From these listed advantages it is obvious that the reusable 

disposal facility has definite advantages over the present con- 

ventional land disposal methods. However, this approach to land 

disposal of dredged material is not a panacea for all land 

disposal problems. Potentially there are wide areas of applica- 

tion, but there will be areas where disposal area reuse concepts 

will not be feasible. In all cases, however, better management 

of land disposal areas would likely result in more environmentally 

compatible disposal operations(Z). 

The major factors of a reusable facility include dredged 

material separation (solids and liquid), treatment to control 

contami,nants, and removal of the solids from the site. Fig. 1 

shows a functional diagram for a reusable disposal area facility. 

Such a facility requires careful planning and designing. 

‘The reusable disposal area is essentially a transfer station 

where dredged material is collected, dewatered, separated, treated 

to control contaminants, and either used for productive purposes 

or transferred to a final disposal area. Table 1 presents the 

planning and design considerations required to develop a reusable 

disposal facility and the contributing research from DMRP research 

tasks. As shown in this table, the development of disposal area 

reuse management concepts depends heavily upon input from a 

number off research tasks of the DMRP. 
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Fig. l.--Functional Diagram for Disposal Area Reuse 

TABLE I.--Planning and Design Considerations of Reusable 
Disposal Facilities 

Planning and 
design consideration 

A. site selection 

c. Site operation 
and managemenf 

Functions 

(zj New dispasal’area 
b. Site rejuvenation (existing site) 
C. Facility construction 

conditions- 

a. !&cover sand and grave, 
b. Dewater fine-grained material 
c. Beneficiation of useful materials 

a. Treatment for pollution control 

a. TTeatment for pollutant control and 
effluent turbidity reduction 

Tasks zc and 5c 

Tasks 68 and 1E 

Tasks 6B, ZD and 1E 

Tasks JB, 4C, 5C 
and SD 
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The objecti~ve of the IIMRP is to provide, through research, 

definitive information on the environmental impact of dredging 

and dredged material disposal operations and to develop techni- 

cally satisfactory, environmentally compatible, and economically 

feasible dredging and disposal alternatives, including consider- 

ation off dredged material as a manageable resource(3). The 

technical structure of the I)MRP is shown in Table 2. A systems 

approach is taken to develop the reuse management concept where 

all, the input data are considered and the functions of the disposal 

area are considered as integrated and coordinated activities 

rather than individual and independent functions. The final 

objectives of the disposal area reuse research are to provide 

procedures for selecting and designing reusable dredged material 

disposal sites and to provide guidance for overall disposal area 

reuse management. 

All planning and design considerations shown in Table 1 shoul~d 

be considered in the development of reusable sites. However, 

implementation of all of them at each reusable site is unlikely. 

A reusable site is considered to be any site where planning and 

operations are carried out to extend the life of the site. It 

is expected that initial application of disposal area reuse 

management concepts will be applied to existing disposal areas 

to extend the useful life of the area. 

Site reuse in its simplest form involves dewatering dredged 

material in containment areas by promoting the natural draining 
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'Table Z.--Dredged Material Research Program 
Technical Structure 

Project/Task Objective 
Fnvironmentll hpacts and critrria Development Project 



and dryi~ng processes. The following paragraphs present data 

resulting from dcwatering and densification efforts in an active 

field study. The study is being performed under research task SA 

of the DMRP and disposal area reuse management plans are being 

developed under research task 5C. 

MOBILE FIELD STUDY 

Background - 

Jntense opposition to expansion of disposal areas onto adjacent 

marshl~and has caused the Mobile District to rely solely on 

existing sites for continued maintenance of navigation in the 

lower Mobile River. A joi,nt fiel~d study effort between the WES 

and the Mobile District is seeking to extend the useful life of 

an existing confined~ disposal area located on Rlakeley Jsland 

adjacent~ to Polecat Hay (Fig. 2). 

This disposal area encompasses a total area of about 85 acres 

and is approximately three-fourths filled, and there are no new 

sites ava~ilah:lc in the vicinity. This disposal area was chosen 

as a field study site for evaluation of dredged material densi- 

fication and disposal area reuse concepts. 

Objective 

The major objecti~ve of the study is to evaluate under field 

conditions the overall feasibility of ditching as a technique for 

dewatering and densifying dredged material. The performance and 

effecti.vencss o,f ditching equipment., quantity and efficiency of 
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Fig. 2:-Aerial View of Rlakeley Island Field Test 
Site, Mobile, Alabama 

water removal through ditching, and densification effects gained 

through drainage and consolidation will be parts of the evalua 

tion. The related subjects of treatment to control contaminants 

and removal of the solids from the site are objectives of cow- 

panioll studies. 

Study Approach - 

The field study program was designed to develop optimum methods 

for dens,Lfication of dredged material through open ditches and 

t,o ultimately develop a disposal area reuse management plan to 

furthor extend the useful life of the site. A system of open 

ditches was specified to allow drainage of the area, which will 

thickon the dried crust and induce consolidation and shrinkage of 

the dredged material, thereby resto~ring site capacity. Ditching 
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of the site is being accomplished using both conventional and 

experimental equipment. 

Field Investigations 

Field investigations at the site were performed by the Mobile 

District, Corps of Engineers, and consisted of site surveys, 

dredged material borings, and installation of instrumentation. A 

general site plan of the ditching patterns and locations of 

borings and observation wells is shown in Fig. 3. 

Sur-veys made prior to and during the ditching efforts will be 

used to determine the volumetric changes that result from dredged 

material densification. 

A total of 26 borings were made at the site to obtain dredged 

material sampl~es for laboratory testing. ‘The site conditi.ons did 

not allow use of conventional boring equipment; therefore, the 

samples were obtained by hand-pushing a three-inch ID vacuum 

sampler. Maximum depth attained was 12.5 ft. A total of 102 

undisturbed samples of dredged material were obta~ined. All 

material was classified in the field as highly plastic clay (CH), 

although numerous samples contained sandy and silty lenses, 

organic material, and vegetation. The dredged material generally 

exhibited consistent appearance and composition below the dried 

crust, resembling a very heavy axle grease. Observation well,s 

were installed in 24 boreholes to monitor fluctuations in the 

groundwater table because o:f the ditching efforts. Data from the 

wells have he,en obtained periodically since the initiiation of the 

study. 
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Laboratory Testing 

Laboratory testing of the undisturhed dredged materi,al samples 

was performed by the WES Soils and Pavements Laboratory. The 

testing program included classifications under the Unified Soil 

Classification System, water content determinations, grain-size 

analysis, Atterberg limits, density determinations, specific 

gra~vity , and consolidation tests. The objective of t’he testi~ng 

program was to obtain data for prediction of the beha,vior of the 

dredged ma~terial during and after drainage as a result of both 

shrinkage and consolidation ef~fects. A preliminary summary Of 

test results is presented in Table 3. 

The dredged material samples proved difficult to work with, 

Table 3:-Preliminary Laboratory Test Results 

Cl? 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

nitial 
Void 
Ratio 

(8) 
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and special provisions were necessary for both sample prepara- 

tion and test:ing. Tn addition to conventional soils testing 

procedures, the procedure used by the Texas IIe,partment of Highways 

for shrinkage limit determinations was modified to obtain data 

relati~ng drainage of the dredged material and crust dr,ying to 

potential volumetric savings. Preliminary study indicated that 

volumetric shrinkage in newly formed crust material contributes 

significantly~ to the overall densification of dredged material 

withi:n a disposal area. A typical relationship is shown Ian Fig. 4. 

Additional laboratory soils testing will be restricted to con- 

solidiltion testing of foundation material samples and minerology 

analyses of dredged material samples. 

F/EL D WA ?-ER 
CONTf NT 80% 

L/W/D L/M/T 78% 

4s 60 

t 
Id 
Ic 
s 40 

Ei BORlNG B/-l9 
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3 

20 

0 
40 50 60 70 80 so Km 

=% INITIAL VOLUME 

Fig. 4:-Typical Water Content and Percent Volurnc 
Relationship for Dredged Material 
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Laboratory tests are also being conducted to determj~ne the 

water quality o:f effluent from the drainage ditches. 

Al~so, tests on the dried material are being performed to deter- 

mine any potential contamination from leaching effects. 

Inst.rumentation 

Open-riser observation wells were installed at 24 of the 26 

borehole locations as shown in Fig. 3. The wells are monitored 

periodically to determine changes in the groundwater table eleva- 

tion with time and will give information regarding flow charac- 

teristics of groundwater through the dredged material into the 

ditches. Five-ft lengths of slotted plastic pipe with eight-ft 

lengths of plastic pipe riser were used to fabricate the wells, 

and the well points were wrapped in filter cloth before placement. 

The Mobile District installed 12 additional observation wells to 

monitor groundwater table changes, Other instrumentation at the 

site consists of a meteorological station used to establish rain- 

fall., wind, and other data for the field study site. 

Ditching Operations 

The character of the material encountered within the site 

varied considerably. Localized topography, thickness of crust, 

location of the groundwater table, and presence of vegetative 

cover all contributed to the overall performance of ditching 

equipment. 

During previous disposal operations, dredge-pipe outlets were 

located at the southeast corner of the disposal area. This 
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resulted in the site topography generally grading from higher to 

lower elevation t~oward the north. Also, a high sandy area was 

created in the sout.heast c.orner of the disposal area. Generally 

coarsu materials are oncountered in the south portion off the 

site consisting o,f lenses of silts, sands, and wood chips mixed 

with the line-grained material. The northern portion of the site 

consi~sts entirely off fi~ne-grained material. Initial crust thick- 

nesses varied from 1.5 ft in the south portions to zero thickness 

in the north end. These factors were consi.dered when the ditching 

cfforts were underway, and efforts were made to adapt the opera- 

ti~on t:o specific cond,it.ions encountered. 

lli~tchcs we’re general~ly constructed in the predetermined patterns 

shown in Fig. 3 with Flow channelled to the two existing wei,rs 

at thcl site. The weir inverts are at higher elevations than the 

ditches; therefore, sumps were constructed at both weirs and 

accumulated water is pumped over the weir inverts periodically. 

1Jnconvcntionn:t Equipment ,--..__- .-~-- 

An experimental amphibious vehicle, the Rj~vcrine IJtil~ity Craft 

(RLIC) was used to d,itch the thinly crusted area. The general 

specificati~ons and data ~for thins vehicle are summarized in Fig. 5. 

Propulsion of the vchi~clc is accomplished by rotation of the 

he1 ~icill screws , which results in ditch formation in soft ma- 

tcrial(4). A typical RUC ditching operation is shown in Fig. 6. 

This concept for d~itch,ing and drainage has been successfully 
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Fig. S.--General Specificati~ons for Kiverine IJtility 
Craft (RLIC) 

Fig. 6. --Typical Ditching Operation lJsi,ng RTJC 
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employed in Ilol~land for land reclamati~on using dredged materi,al. 

‘The Dutch employ a vehicle simi,lar to the RUC call~ed an Amphirol, 

which is used in, the initials drainage phases in polder “ripening” 

operations(S,b). 

‘Two phases of ditching operations with the RUC have been corn- 

plctccl. The first phase involved ditch,ing over both thinly 

crusted and t’hickly crusted areas in the eastern hal~f of the 

dispor;al arca. RUC performance on thin crust was good, with 

ditch format,iion 6 Tao 1~2 in. deep. In thickly crusted areas, 

di.tches 12 to 18 in. deep were formed, hut operation caused great 

mechanical st~rain on the vehicle because the RIJC transmission 

was original’ly designed for high-speed, low-resistance operation. 

Typ~ical appcnrances of RlJC ditches in the two crust condi~tions are 

shown in Izig. 7 and Fig. 8. Hased on initials performance, RUC 

operat:ions we’re restricted to on,ly thi.nly crusted areas: during the 

second ditching phase. Thins i.ncluded reditching over i~nitial 

ruts after crust had been allowed to re,form, resulting i,n deeper 

ditches. 

Iiffi~cicncy of ditches formed by the RUC vary considerably with 

matcri.al consistency. Very wet material (water content in excess 

of ZOO percent) tends to flow back into and fill the di~tches 

after the vehicle has passed. Under these condi~ti,ons, subsequent 

passes, of the vehicle do not help and reformation of crust is 

necess,ary before ditch deepening can be accomplished. In stiffer 

matcria~l (water content approximately 100 percent), repetitive 



Fig. 7:-Appearance o,f’ RIJC Ditch in Thinly Crusted Area 

Fig. 8. --Appearance off RIJC Ditch in a Thickly 
Crust~ed Area 



passes of the RUC tends to deepen and widen the ditches. 

The: RUC was effective in controlling surface ponding and 

promoting the initial phases of surface drying and crust develop- 

merit. Flow of water into the ditches is evident and d,rai~nage 

from the area is Ian progress. However, since RUC ditches are 

generally formed at constant depths following the topography of 

the d,isposal area, grading of ditch bottoms with the R~UC is 

impossible. This restricts flow in RlJC ditches when naturally 

occurring high and low areas are present. AI~SO) in all but very 

wet material:, bottom grooves or depressi,ons are formed by the 

screw helix and tend to trap water. 

Conventional Ditching 

Di~tching capabilities of con,ventional equipment are also being 

evaluated as ,pa~rt of the field study. Conventional equipment has 

been successffully used by the Philadelphia District, Corps of 

Engi~neers, to d,itch in disposal areas for the purpose of improving 

materj~al for dike heightening (7). Ea~rly efforts to procure 

flontation-type equipment for the Blakeley Island study were 

unsuccess Cul ; therefore, initial ditching efforts for conventional 

equip~ment were made using a large track-mounted backhoe on matting. 

Specifications called for matting to exert ground pressures not 

to exceed one psi. This equipment completed sump construction 

adjnc’ent to the north weir, but broke through the thin crust when 

efforts were made to ditch toward the west half of the disposal 

area. The operati,on was unsuccessful due to the inahility of the 
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mat~ting to support loads while the equipment was operating. 

A floatation dragline shown in Fig. 9 was later procured and 

used to complete the ditching pattern in the thicker-crusted 

south half of the disposal area. 'The dragline was mounted on 

twin pontoons and propelled by a continuous chain-driven track 

system that al~lows the equipment to swim in open water and track 

on :soft material. Ditches constructed with the dragline varied 

from three to six feet deep with approximately lV-on-.iH side slopes. 

Sl~opes are fairly stable with minor sloughing in some areas. 

Grading of the dragline ditches to the constructed sumps was 

possible and groundwater flow into the ditches is evident. AP- 

pearance of the ditches is shown in Fig. 10 and Fig. 111. 

Fig. 9.--Floatation Dragline Used for Ditching in 
Disposal Area 
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Fig. 10. --Ditching Operation with Floatation-Type Dragli~no 

Fig. Il.--Appearance of Dragline-Constructed Di.t.ch 
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Attempts were also made to ditch with the floatation dragline 

in the thinly crusted areas. However, when the tracking system 

broke through the thin crust into the viscous dredged material, 

conditions were reached where both the swimming and tracking 

mode of propulsion were ineffective. With crust thicknesses of 

12 in. or more, enough traction is attainable for effective 

tracking. 

Continued Ditching 

Preliminary data indicate that the groundwater table has been 

lowered due to the ditching efforts, especially in the southern 

half of the disposal area where dragline-constructed ditches were 

completed. These ditches should require no further work at this 

time to allow effective drainage of the area. 

Di,tches in the northern half of the disposal area have not been 

fully developed and efficient drainage has not been realized to 

date. These ditches require deepening before effective drainage 

will. occur. The scope of RUC ditching has, therefore, been 

expanded to include use of implements that were either specially 

designed or were adapted from available items. The implements 

incl~ude large ballasted wheels and agricultural discs and rippers 

for easier ditching in thicker crusted areas. Use of the imple- 

ments will add flexibility to RUC ditching operations within 

disposal areas. Mechanical modifications have also been made to 

the RUC to allow implement use and to increase power and reli- 

abil~ity. 
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Ditches in the northern portion of the disposal area arc now 

being deepened by successive operations with the RUC, allowi~ng 

rerormation of crust between operations. Grading and further 

deepening wj~ll be a~ccomplished using the RUC with implements. 

Further extensi~on of the ditching efforts will include evaI,- 

uation of ot~hcr experimental equipment for ditch dcepeAng. This 

&fort will be made Ian conjunction width possible removal off dried 

material, to stockpiles and reditching to foundation levels. 

Disposals Area Reuse Management 

The ditching and drainage of the lJpper Polecat Ray site will 

restore considerable volume butt will not permancntl~y solve the 

probl~em OCR limited disposal area capacity. Plans arc underway to 

exami:ne feasibi1~i~t.y of developing the d~rainage efforts not the site 

into .a workable disposal area reuse management plan. ‘The plan 

w,ill address the possibi,lit~y of further extcndi.ng the useful li~fe 

of the disposal area through rehandling or removi.ng the dried 

material , allowj~ng reuse of the disposal area over l~onger time 

periods. Removal of dried material in the thickened crust from 

the arca will al~l,ow reditching, perhaps drown to the founda~tion 

level ,, In this way, maxi~mum benefi,ts from consolidation and 

shrinkage would be gained and additional storage space would be 

created by removal of dried mat.crial. The sandy dredged material 

ins bei~ng considered for use in a local landfi,ll project. 
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The site-specific technical feasibility of disposal area reuse 

management at the Blakeley Island area will be initially eval- 

uated. Factors to he considered include methods of rehandling, 

removing, and transporting material; availability of equipment; 

and site conditions required for efficient operation. Methods 

for removal and transportation of material to be examj~ned will 

include conventional earth-moving equipment, conveyor systems, 

cable-bucket systems, and other existing experimental equipment. 

Economic analyses will then be made on technically ~Ceasible 

schemes and results formulated in terms of conventional benefit/ 

cost ratios. The decision For full-scale implementation of the 

disposal area reuse plan will ultimately rest with the Mobile 

I) i, s t: r i c t 

CONCLUSTONS AND R6COMMENDATIONS 

Completed research at the Mobile field site has determined 

that drai.nage of disposal areas and restoration of si,te capacity 

ins technically feasible. The specific results gained to date 

include the following: 

1. Operation of selected equipment on a confined disposal 

area is feasible for removal of surface water and ditching. 

2. Limitations for effective operation of various types of 

equipment have been determined including conventional types of 

equi~pment on mats, floatation-type equipment, and experimental 

cqui~pment such as the RLJC. 
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3. Valuable informati,on has been gained on the engineering 

characteristics OT fine-graincd dredged material as related to 

potential henefits from drainage, consolida~tion, and sihrinkage. 

Addit.ional experience has been gained on sampling techniques and 

testing procedures for slurry materials. 

4. The RIJC is an effccti,ve tool for control off surface water 

and promoting the initial phases of surface drying and. crust 

development. 

5. RlJC ditching on thinly crusted areas overlying very soft 

material is effective, although use of addi~tional implements may 

he required for grading and deepening. 

6. Conventionally constructed ditches can be successfully 

excavated in, disposal areas where crusting has progressed to one 

ft or more. 

7. Preliminary results indicate that the groundwater table 

has been lowered by ditching the site and that the densifica~tion 

process is underway. 

Additional strtdy at the si.te will all~ow an overall evaluati,on 

of ditching as a technique for dewatering and densifying dredged 

material. Design guidelines and equipment-selection criteria 

relaying on technical evaluation of site conditions wil~l be form- 

ulatcd. The final results of the st.udy should enable Corps 

Districts to consi~der seri,ousl.y dredged~ material dewateri,ng/ 

densification and disposal area reuse management as a ~viahle 

means of conserving disposal area resources. 
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